-2 -One of the most important current problems in the development of GaAs integrated circuits is the fabrication of stable, reliable and reproducible metal contacts on GaAs devices. In order to solve this problem, basic understanding of the metallurgy of various metal-GaAs interfaces is essential. Contact systerns such as Pt-GaAs [1] [2] [3] , Pd-GaAs [3] [4] [5] [6] [7] [8] , Ni-GaAs [3, [9] [10] [11] and W-GaAs [1, [12] [13] [14] [15] have been studied by many investigators. While most studies in this area have been concentrated on a few metal-GaAs systems, many other contact systems which may have great potential in technological applications have been neglected. One such system is the Rh-GaAs Schottky contact. This letter reports on the metallurgical and the electrical characteristics of the Rh/n-GaAs contact after heat treatment. An attempt is also made to correlate the solid state interface reactions with the electrical properties.
Undoped (p>10 7 n-cm 2 ) and Te-doped (n-1o 17 cm-3 , p-1o-2 n-cm 2 ) (100) GaAs wafers (Wacker Chemitronic*) were degreased in trichloroethylene (TCE) and then etched in SO% HCl solution for 1 min before being loaded into the evaporation chamber. Rhodium films of thicknesses -1SOA and -600A were deposited on the two separate undoped wafers by electron gun evaporation at a pressure below lo-6 torr. A metal mask with circular holes (1 mm in diameter) was placed on the Te-doped GaAs wafer so that circular diodes with -1000A of Rh were formed under similar evaporation conditions. The samples· were then capped with -1000A Si0 2 on both sides in order to prevent excessive As loss during heat treatment.
Annealing was carried out in flowing N 2 ambient in the temperature range of 300°C to 800°C.
The 150A Rh/GaAs samples were analyzed by Rutherford backscattering spectrometry (RBS) using a 2.0 MeV 4 He+ beam incident at 50° with respect to the specimen normal with a depth resolution of <50A. Samples with -600A Rh were investigated by Heavy Ion Rutherford Backscattering Spectrometry (HIRBS) using continues to grow at the interface at the expense of the RhAs phase until finally a RhGa/RhAs 2 tGaAs structure is formed. For thin Rh films (-150A) these three phases are laterally separated in order to minimize interface energy when the grain size of these phases is larger than the film thickness.
Schottky barrier heights ~b and the ideality factors n as measured by the ~ I-V dependence of the Rh/n-GaAs diodes as deposited and annealed at various temperatures are shown in Fig. 3(a) . The leakage current densities of the diodes at -0.4 V bias are shown in Fig. 3(b) . From Figs. 3(a) and (b) it is obvious that the diode characteristics undergo improvement after annealing at low temperatures (<300°C), degrade after annealing at temperatures ranging from 350°C to 450°C, recover after annealing in the temperature range of 500°C to 550°C and finally, fail completely after annealing at temperatures higher than 600 o C.
After anne a 1 i ng at 300 o C for 20 min, ·the ide a 1 i ty factor n decreases from 1.57 to 1.29 and q~b increases from 0.655 eV to 0.732 eV. A decrease in the leakage current by an order of magnitude is also noted as a result of the annealing. Since RBS analysis on 150A Rh films detected reaction at this annealing temperature, this improvement in the diode characteristics can be attributed to the formation of a thin layGr (-lOOA) of RhAs at the interface so that morphologically uniform and defect-free interface is obtained.
Drastic degradation (n increases to higher than 1.7, q~b reduces to 0.6 eV and the leakage current increases by three orders of magnitude) results for the diodes annealed at the temperature range of 400°C and 450°C. This -6 - after annealing at 500°C can be explained by the formation of a uniform layer of RhAs 2 at the interface so that a uniform interface morphology is restored.
Annealing at temperatures higher than 550°C results in severely degraded diodes. The diode annealed at 700°C becomes ohmic rather than rectifying.
Since HIRBS analysis of the sample annealed at 700°C shows a significant amount of Ga and As in the reacted compounds on GaAs, it is expected that this diode failure is the result of the GaAs outdiffusion (and possibly Rh in-diffusion) due to the dissociation of GaAs at the interface at high temperatures.
A similar final morphology of the type: MGa/MAs 2 /GaAs has also been observed for the more familiar Pt/GaAs system [1] [2] [3] [4] . However, for Pt/GaAs, initial interface reactions at -350°C result in the formation of a Pt 3 Ga/ PtAs 2 /GaAs structure as compared to RhGa/RhAs/GaAs in the Rh/GaAs case.
After annealing at higher temperatures (>400°C), the PtGa phase starts to nucleate at the Pt 3 Ga/PtAs 2 interface while the morphology of the GaAs interfac~ remains uniform. Therefore, no electrical degradation similar to that of the Rh/GaAs system is observed during the phase transformation. 
